1. Introduction {#s0005}
===============

Nanotechnology, is special branch of material science where bulk materials break down to small particles within the range of 1--100 nm in diameter by means of physical, chemical and biological methods. Nanotechnology is absolutely a new emerging field, and basically there are evidences of several negative effects on growth and development of plantlets [@b0080] but due to its diverse application in various fields such as DNA sequencing, pharmaceuticals, cosmetics, agriculture, biomolecular detection and diagnostics [@b0085], it has gained attention and synthesized and used extensively in various field. Research has shown both silver and gold nanoparticles can be synthesized easily has many applications which makes it easily accessible and quite popular among researchers. Recently a work has been done on synthesis of AgNps by using different types of fungi [@b0090]. Previous research also highlighted on the synthesize the cysteinen capped AgNPs mediated by electrochemically active biofilm with enhanced activity and explore its antibacterial activity on *Escherichia coli* (*E. coli*) and *Pseudomonas aeruginosa* (*P. aeruginosa*) [@b0095]. Gold nanoparticles also have attracted great interests in the fields of biological and medical applications in past few years [@b0100]. There are various agents such as fungi, plant extract [@b0115], different bacteria have been used for synthesis of AuNps. Synthesis of positively charged gold nanoparticles using a stainless-steel mesh is also reported by a researcher [@b0105]. Few researchers also reported the synthesis of positively charged gold nanoparticles by an electrochemically active biofilm (EAB) [@b0110]. Although nanoparticles are extremely toxic due to its shorter size compared to its bulk counter part [@b0020]. Nanoparticles having small in size (\<50 nm) can comfortably penetrate and pass into the lymphatic system and subsequently it reach to the vital organ and body tissues and exhibit their negative effect. On the other hand, potential toxicity of nanoparticles on terrestrial plant species is extremely limited [@b0050]. Previous research highlighted that nanoparticles can generate reactive oxygen species in the plant body [@b0025]. However, few previous research also demonstrated that nanoparticles can exhibit both positive and negative effect on higher plants [@b0025], [@b0035]. Some researchers discussed in their paper that nanosize SiO~2~ and TiO~2~ can enhanced nitrate reductase activity and reduced both germination and growth of soybean [@b0040]. Another work indicated that MWCNTs (multiwall carbon nanotubes) at the concentration range of 10--40 mg/L dramatically enhanced the seed germination and growth of tomato plants [@b0030]. Historically plants have been used as indicator organisms, in studies on mutagenesis in higher eukaryotes. Plant systems have a variety of well-defined genetic endpoints including alterations in ploidy, chromosomal aberrations, and sister chromatid exchanges. Among plant tests, *Allium cepa* is one of the most widely used. *Allium cepa* has been used for evaluating chromosomal aberrations since 1920s [@b0015]. The Allium test is based on the chromosome study of the meristem cells of the apical root cells of *A. cepa* in order to determine the influences of genotoxic substances or aneugenic substances [@b0120], [@b0125]. Mitosis involves five phases, based on the physical state of the chromosomes and spindle. These phases are prophase, prometaphase, metaphase, anaphase, and telophase. Cytokinesis is the final physical cell division that follows telophase, and is therefore sometimes considered a sixth phase of mitosis. This is a short-term test, which can assess cytogenetic effects of nanoparticles suspended in a test solution. Keeping in mind the above fact present work is dedicated to judge the efficacy of silver and gold nanoparticles towards chromosomal aberrations of *Allium cepa* root under laboratory condition.

2. Materials and methods {#s0010}
========================

2.1. Nanoparticles {#s0015}
------------------

Silver and gold nanoparticles were biosynthesized by plant extract and details of synthesis procedure was mentioned in our earlier report (Hajra and Mondal, 2016). The synthesized nanoparticles were further characterised by UV--Vis Spectrophotometer (Optizen POP), SEM-EDX (Scanning Electron Microscopy and Energy Dispersive Spectroscopy) (JEOL JSM-6390LV), TEM (Transmission electron microscopy) (JEOL JEM 1400 plus) and XRD (X-ray diffraction) (Bruker D8) for confirmation of its size, structure and nature.

2.2. Test system and treatments {#s0020}
-------------------------------

The gold and silver nanoparticles are diluted to three different concentrations i.e; 1 mg L^−1^, 5 mg L^−1^ and 10 mg L^−1^. Healthy onion bulbs were collected from the nearby vegetable market. Three healthy onion bulbs (12--15 g) were grown directly in the nanoparticles in cylindrical glass tubes in normal lighting condition at room temperature (20 °C) for 72 h along with control. The test suspension was replaced daily to maintain constant concentrations of suspensions of nanoparticles. When the roots reached to 2--3 cm they were cut and processed for slide preparation by following standard method [@b0165]. Two replicates for each concentration were made. After that the dried roots were carefully shaved off in order to expose the fresh meristematic tissue. Then the roots of onion were grown in different medium containing both silver (1 mg L^−1^, 5 mg L^−1^ and 10 mg L^−1^) and gold (1 mg L^−1^, 5 mg L^−1^ and 10 mg L^−1^) nanoparticles along with control (double distilled water) during 72 h. After 72 h root tips were cut and fixed in ethanol and acetic acid mixture (3:1) for 24 h at 5 °C. Then the roots were dipped into 1 M HCl solution and were heated at 60 °C for 4--5 min followed by transferred to distilled water and kept for few minutes. Finally the root tips were crushed with 2% aceto orcein with flat end of metal rod and the cover slip was carefully lowered on the slide and the cover slip was sealed with clear finger nail polish. The prepared slides were ready for microscopic study.

2.3. Macroscopic examination {#s0025}
----------------------------

Macroscopic parameters were measured after 72 h of exposure. The roots were cut at their base and the number counted and the length along with the breadth were measured. The length and breadth of all roots per bulb was summarized and expressed as the total length and total breadth of the root system. The mean values for all parameters were calculated. Seven roots of each bulb were fixed in a freshly prepared mixture of absolute ethanol and glacial acetic acid (3:1 v/v) for 24 h at 4 °C [@b0170].

2.4. Microscopic examination {#s0030}
----------------------------

Three bulbs were used for each concentration of which five root tips were used for each concentration to prepare slide for microscopic analysis. The slides of each treatment and control were prepared by following aceto orcein squash technique. The root tips were kept in 1 M HCl for about 4--5 min followed by staining with 2% aceto orcein. Staining was continued for about 10 min and then it was squashed. The cover slip was sealed with clear finger nail polish [@b0170]. The slides were analysed with Olympus CH20*i*microscope at 100X magnification. The mitotic index was calculated as the number of dividing cells per number of total observed cells [@b0175]. Along with this portion of mitotic phases, the presence and frequency of chromosome aberrations (fragments, anaphase bridges etc.) and micronuclei were also determined. A minimum of 500 cells were counted for each slide.

2.5. Statistical analysis {#s0035}
-------------------------

All calculations were done using Minitab version17 software. The level of significance was accepted at p \< 0.05. Cytogenecity was statistically analysed by Student's *t*-test. The level of significance was accepted at p \< 0.05.

3. Results {#s0040}
==========

3.1. Synthesis and characterization of silver and gold nanoparticles {#s0045}
--------------------------------------------------------------------

The sharp and distinct peaks of silver and gold nanoparticles were observed from UV--vis spectral signature at 440 nm and 550 nm respectively ([Fig. 1](#f0005){ref-type="fig"}). The surface morphology and existance of both silver and gold was assessed by SEM-EDX study ([Figs. 2a](#f0010){ref-type="fig"} and [2b](#f0015){ref-type="fig"}). The exact size and shape of silver and gold nanoparticles were presented in [Fig. 3](#f0020){ref-type="fig"}. From the TEM it was observed that average size of silver and gold nanoparticles ranges between 25 and 40 nm and 17--24 nm, respectively. On the other hand, XRD study of both silver and gold highlighted the crystal structure of both the silver and gold nanoparticle ([Fig. 4](#f0025){ref-type="fig"}).Fig. 1UV--Vis spectroscopy of (a) silver nanoparticle and (b) gold nanoparticle.Fig. 2a(a) FESEM and (b) EDX of silver nanoparticle.Fig. 2b(a) FESEM and (b) EDX of gold nanoparticle.Fig. 3Transmission electron microscopy of (a) silver nanoparticle and (b) gold nanoparticle.Fig. 4X-ray diffraction of (a) silver nanoparticle (b) gold nanoparticle.

3.2. Mitotic index {#s0050}
------------------

The effect of silver and gold nanoparticles on cell division and chromosomal behaviour of *Allium cepa* is investigated in this paper. Present study reveals there was no chromosomal aberration in control ([Table 1](#t0005){ref-type="table"}). But silver and gold nanoparticles have significant effect on the occurrence of chromosomal aberrations in comparison with the control. From the experimental data it was seen that the mitotic index value for control was 68% and for gold nanoparticles it was 52.4%, 47.3% and 41.4% for 1 mg L^−1^, 5 mg L^−1^, 10 mg L^−1^ respectively ([Table 1](#t0005){ref-type="table"}). It means in case of gold nanoparticles, the mitotic index decreased with increasing the concentration of the nanoparticles. But a reverse trend was observed in case of silver nanoparticles. The mitotic index value was 57.1% and 53% for 1 mg L^−1^ and 5 mg L^−1^ respectively but at 10 mg L^−1^ the value increases to 55.8% ([Table 1](#t0005){ref-type="table"}).Table 1Distribution of *Allium cepa* root tip cells treated with different concentrations of gold, silver nanoparticles.No. of counted cellsDividing cellProphaseMetaphaseAnaphaseTelophaseMitotic indexMean ± SD*Control*Replica1500340317126568%68% ± 3Replica250032831882065%Replica3500355341112171%  ***Gold nano****(1 mg/L)*Replica150027226083154%52.4% ± 1.7Replica250026325742052.6%Replica350026425373150.6%  *(5 mg/L)*Replica150024923872249.8%47.3% ± 2.19Replica250023322174146.6%Replica350022822052145.6%  *(10 mg/L)*Replica150021320642142.6%41.4% ± 1.2Replica250020119244140.2%Replica350020720133041.4%  ***Silver nano****(1 mg/L)*Replica150029128074058.2%57.1% ± 1.22Replica250028727943157.4%Replica350027926854255.8%  *(5 mg/L)*Replica150025824755151.6%53% ± 1.4Replica250026525175253%Replica250027226154254.4%  *(10 mg/L)*Replica150028527743157%55.8% ± 1.44Replica250027126164054.2%Replica350028127254056.2%Table 2Macroscopic parameters (number of roots, average length of roots and average breadth of roots) after 72 h of exposure to nanoparticles.No. of roots (mean ± SD)Root length (cm) (mean ± SD)Root breadth (cm) (mean ± SD)Control6 ± 0.043.6 ± 0.011.1 ± 8.33  *Silver nanoparticle*1 mg/L7 ± 0.14.23 ± 0.110.25 ± 0.065 mg/L10 ± 0.135.63 ± 0.130.28 ± 0.0310 mg/L7 ± 0.010.53 ± 0.0040.36 ± 0.021  *Gold nanoparticle*1 mg/L3 ± 0.0030.8 ± 0.0010.24 ± 0.065 mg/L15 ± 0.113.05 ± 0.0110.34 ± 0.00610 mg/L6 ± 0.104.23 ± 0.530.34 ± 0.001

From [Fig. 5](#f0030){ref-type="fig"} it is clear that there is no chromosomal aberration in control. At 10 mg L^−1^ concentration of gold, anaphase-telophase with fragment bridge, disturbed metaphase with unoriented chromosomes and at 5 mg L^−1^ of concentration anaphase with chromatin bridge were observed ([Fig. 7](#f0040){ref-type="fig"}). But, in case of silver, micronucleus at interphase was observed at 1 mg L^−1^ of concentration. Anaphase with broken chromosome bridge, vagrant chromosome in anaphase-telophase, disturbed metaphase with clumping chromosomes and lagging chromosomes were noticed at 5 mg L^−1^ and 10 mg L^−1^ concentration of silver nanoparticle respectively ([Fig. 6](#f0035){ref-type="fig"}).Fig. 5Almost proper anaphase (A), prophase (B) and metaphase (C) showing no chromosomal aberration in control.Fig. 6Mitotic chromosomal aberrations in *A. cepa* root cells induced by silver nanoparticle showing A -- micronucleus at interphase, B -- Normal anaphase, C -- chromosomal bridges, D -- normal telophase, E -- vagrant chromosome in anaphase-telophase, F -- cell laggards, G -- disturbed metaphase with clumping chromosomes, H -- normal interphase cell, I -- disturbed telophase at different exposure conditions of the nanoparticle.Fig. 7Gold nanoparticle induced chromosomal aberration in root tip cells of *Allium cepa* showing J -- Chromosomal bridge, K -- normal prophase, L -- anaphase with chromatin bridge, M -- anaphase-telophase with fragment bridge, N -- disturbed metaphase with unoriented chromosomes at different exposure conditions of the nanoparticle.

3.3. Comparison of MI between silver and gold nanoparticles {#s0055}
-----------------------------------------------------------

The efficacy of silver and gold nanoparticles on the MI *of Allium cepa* was compared by applying statistical test ([Table 3](#t0015){ref-type="table"}). From the result it has been found that mean of MI of AgNPs (1 mg L^−1^) is higher than the mean MI of AuNPs (1 mg L^−1^) and it is statistically significant (P \< 0.03) ([Table 3](#t0015){ref-type="table"}). Almost similar significant difference (P \< 0.003) between AgNPs (5 mg L^−1^) and AuNPs (5 mg L^−1^) was also recorded ([Table 4](#t0020){ref-type="table"}). But at higher concentration (10 mg L^−1^), MI of AgNP exhibited high trend of statistically significant (P \< 0.001) than 10 mg L^−1^ of AuNPs ([Table 5](#t0025){ref-type="table"}). Finally it may be concluded that AgNPs showed higher cell division at both lower (1 mg L^−1^) and higher (10 mg L^−1^) concentration than AuNPs.Table 3Comparative status of MI exerted by 1 mg/L AuNPs and 1 mg/L AgNPs.Au NP 1 mg/LAg NP 1 mg/LMeanSDt valueSignificant level5458.2Au NPAg NPAu NPAg NP52.657.452.457.131.711.223.90P \< 0.0350.655.8Table 4Comparative status of MI exerted by 5 mg/L AuNPs and 5 mg/L AgNPs.Au NP 5 mg/LAg NP 5 mg/LMeanSDt valueSignificant level49.851.6Au NPAg NPAu NPAg NP46.6535347.332.191.403.77p \< 0.03345.654.4Table 5Comparative status of MI exerted by 10 mg/L AuNPs and 10 mg/L AgNPs.Au NP 10 mg/LAg NP 10 mg/LMeanSDt valueSignificant level42.642.6Au NPAg NPAu NPAg NP40.254.241.4055.801.201.4413.29p \< 0.00141.456.2

3.4. Comparison of chromosomal aberration between silver and gold nanoparticles {#s0060}
-------------------------------------------------------------------------------

From the statistical results it was observed that gold (Au) nanoparticles of 10 mg L^−1^ showing highest chromosomal aberration in the roots of *Allium cepa* and it is significant at P \< 0.05 level ([Table 7](#t0035){ref-type="table"}). In comparison with AuNP, AgNP of 10 mg L^−1^ showed much lower chromosomal aberration with respect to control which is significant at P \< 0.024 ([Table 6](#t0030){ref-type="table"}). So, it can be conclude that AuNPs of higher (10 mg L^−1^) concentrations showed highest chromosomal aberration than AgNPs of 10 mg L^−1^.Table 6Comparative status of chromosomal aberration of AuNPs with respect to control.ControlAu 1 mg/LAu 5 mg/LAu 10 mg/Lt value of Au1 vs conc.t value of Au5 vs conc.t value of Au10 vs conc.685449.842.67.83\
p \< 0.0049.63\
P \< 0.00214.26\
p \< 0.0056552.646.640.27150.645.641.4Table 7Comparative status of chromosomal aberration of AgNPs with respect to control.ControlAg 1 mg/LAg 5 mg/LAg 10 mg/Lt value of Ag1 vs conc.t value of Ag5 vs conc.t value of Ag10 vs conc.6858.251.6575.817.856.35p \< 0.028p \< 0.016p \< 0.0246557.45354.27155.854.456.2

3.5. Effect on length and breadth of Allium cepa root {#s0065}
-----------------------------------------------------

Breadth is the measurement of width of the *Allium cepa* root which is measured by screw gauge and root length was measured by the centimeter scale. From [Table 2](#t0010){ref-type="table"} it was clear that the breadth of the roots of *Allium cepa* is highly affected by the nanoparticles. But in case of length there is no significant changes. Similar observation was recorded by other authors [@b0055]. This may be due to low concentration of the nanoparticles which did not show any effects on the growth of root length as well as number of roots.

3.6. Comparative study of chromosomal aberration {#s0070}
------------------------------------------------

Both the [Tables 8](#t0040){ref-type="table"} and [9](#t0045){ref-type="table"} demonstrated the chromosomal aberration induced by silver and gold nanoparticles. All the mentioned nano induced aberration was demonstrated on *Allium cepa* except one (*Vicia faba*). On the other hand, gold nanoparticle based aberrations were also highlighted on *A. Cepa*. In both the cases sticky anaphase is the common observation. In the previous literatures [@b0140], [@b0145], [@b0150], [@b0155], [@b0160], the findings were highlighted as sticky chromosomes, disturbed metaphase, micronuclei, decrease of MI index, bridge anaphase, laggard chromosome etc. are the common for both silver and gold nanoparticles in *A. cepa.* Present observations also support the previous findings.Table 8Comparative study of chromosomal aberration on various plants induced by silver nanoparticle.AgentPlantAberrations in chromosomeReferenceSilver nanoparticles*A. cepa*Sticky chromosomes in metaphase stage, disturbed metaphase, chromosomal break and laggard, Chromatin bridge[@b0035]Chitosan-capped silver nanoparticles*A. cepa*Acentric fragment, double fragments, lagging chromosomes and micronuclei[@b0130]Silver nanoparticales*Vicia faba*Chromatid and isochromatid types of gaps, breaks, and fragments, decrease in MI Index[@b0135]Silver nanoparticales*Allium cepa and Nicotiana tabacum*Varying extent of DNA damage[@b0140]Nano-silver*A. cepa*Disturbed metaphase, Cell showing metaphasic fragments, Anaphase showing multiple fragments[@b0145]Silver nanoparticlesRoot tips and flower buds of *Allium cepa*Disturbed metaphase chromosomes, single and multiple bridge formation with fragmentation, anaphase chromosome protruded out, multipolar anaphase and sticky anaphase[@b0150]Silver nanoparticle*A. cepa*Decrease in MI Index, lagging chromosomes, stickiness, anaphase with broken chromosome bridgePresent studyTable 9Comparative study of chromosomal aberration on various plants induced by gold nanoparticle.AgentPlantAberrations in chromosomeReferenceGold nanoparticles*A. cepa*Clumped metaphase and sticky anaphase, formation of chromosomal bridge and laggard chromosome, anaphase bridge and chromosomal break[@b0155]Gold nanorods*A. cepa*Diagonal anaphase, sticky chromosome, and chromosome bridge formation in anaphase, clumped chromosome, laggard chromosome, disturbed metaphase, chromosomal break, chromosomal bridge, sticky chromosome[@b0160]Gold nanoparticles*A. cepa*Cell in anaphase showing laggards, Anaphase with broken chromosome bridge, disturbed metaphase with unoriented chromosomesPresent study

4. Discussion {#s0075}
=============

The biosynthesized silver and gold nanoparticles are stable in room temperature more than 180 days, that means both silver and gold salts were reduced and stabilized by the plant-origin biomolecules. The average size of both the nanoparticles ranges between 50 and 100 nm. Therefore, very high surface area and supossed to be lightly toxic for both plant and animal systems [@b0205]. So far as nanoparticle toxicity is concerned, it mainly exhibited their toxicity in two different actions [@b0210]: (i) toxicity due to complex nature of chemicals, and (ii) toxicity based on the size and shape of the nanoparticle. Varieties of plant species such as *Vicia faba, Zea mays, Nicotiana tabacum, Allium cepa, Crepis capillaris, Hordeum vulgare* etc. were extensively used towards assessment of environmental contamination [@b0175]. However, use of onion (*Allium cepa*) root tip bioassay is a easy, reliable and simple test model which is easy to administer to check the genotoxic potential of environmental contaminants [@b0180]. The cytotoxicity test through chromosomal aberrations using *A. cepa* test was popular since 1920 [@b0185]. However, after that United Nations Environmental Programme (UNEP) [@b0190] and the International Programme on Chemical Safety (IPCS) certified that *A. cepa* root tip assay is a vital chromosomal aberration test for *in situ* monitoring of environmental contaminants including various chemicals, nanoparticles, pharmaceuticals etc [@b0195]. Recently another study highlighted that oxidative stress is an essential mechanism through which nanoparticles can exhibited toxicity in cells [@b0200]. In this study both silver and gold nanoparticles exhibited cytotoxicity by decreasing the mitotic index in a dose dependent relationship [@b0035]. Chromosomal aberration are the changes in structure of chromosomes. There are several factors such as DNA breaks, inhibition of DNA synthesis and replication of altered DNA which can induce structural chromosomal alterations [@b0065]. Microscopic study revealed the presence of lagging chromosomes, stickiness, anaphase with broken chromosome bridge which in turn confirmed that chromosomal aberration has occurred. Here different kind of chrosomalaberration was observed with different kind of concentration of nanoparticles and salt. Both physiological and clastogenicaberrations like laggards, broken chromosome bridge, anaphase with multiple chromosome bridge were observed here. Quite similar observation was described by other researchers [@b0035]. The decrease in MI index is probably due to the mitodepressive effects of both silver and gold nanoparticles i.e; it may interfere with the normal development of mitosis by preventing a large number of cells to entering the prophase, thus hampering the total cell cycle [@b0010]. According to some researchers, various chromosomal abnormalities in metaphase and anaphase are due to the shifting of poles by depolymerization of spindle fibers. In the present study similar observations were noticed at 10 mg L^−1^ of gold and 5 mg L^−1^ of silver nanoparticles respectively [@b0005]. Chromosome losses, delays, adherence, multipolarity and C-metaphases can be resulted by the action of aneugenic effects [@b0060]. The formation of chromosomal bridge and fragmentation are attributed to chromosomal stickiness, which was followed by the failure of free anaphasic separation [@b0005], [@b0045]. Some researchers reported that in the endosperm cells of plants acentric chromosome fragments are pulled poleward at the time of phragmoplast formation by kinetochore independent process which may be one of the reason for anaphasic separation [@b0070], [@b0075]. Some authors also have reported that plants treated with gold nanorods were found to be develop oxidative stress which further results in the phytotoxicity towards plant cell [@b0055].

5. Conclusion {#s0080}
=============

Present study results reveal that both silver and gold nanoparticles shows negative effect on the roots of *Allium cepa*. Both the nanoparticles could penetrate into the root cell and cause significant changes in intracellular components, causing remarkable damage to the cell division. The mitotic index decreased from the control (68%) to that of 10 mg L^−1^ treated (41.4%) for gold nanoparticles and 5 mg L^−1^ treated (53%) for Silver nanoparticles. Moreover, the cell division was arrested, at metaphase stage for both the nanoparticles, showing lagging chromosomes, stickiness, and anaphase with broken chromosome bridge. Both silver and gold nanoparticles does not exhibited any variation in root length but remarkable changes was recorded in root diameter and number of roots for both types of nanoparticles. Therefore it can be concluded that nanoparticles supposed to be a potent hazardous component for the environment and entire ecological systems. More research should be done to unfold their overall fate, transport, end exposure pathways in the wider environment. Further study is going on to explore more about nanoparticles and their cytogenetic effects on plants.
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